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Abstract 

Thcrt has been jTJcreasing interest in decironic paper that 
combines the advantages of paper with the rc-witablc 
characteristics of 8 conventional display. An electrical 
twisting ball display called "Gyricon" is one of the most 
promising candidates for electronic paper- In this present 
work, we discJosc a novel idea* named "Teas in a pod", 
which is a potential improvement on **Gyricon'*. 'Teas in 
B pod'* uses the same principle as "Gyricon"' in that the 
display elements react to an electric charge and then make 
tecognizable patterns. However, in the case of "Peas in a 
pod**, raitrosticks in a isransparcnt tube arc used as display 
elements, instead of the microspheres iised in *'Gyricon". 
We call Ae roicrosiicks "Peas'* and the transparent lube 
the "Pod'\ respectively. A *eoretical study suggests that 
the microsticks in ^Teas in fi pod'' have a potential 
advantage over the microspheres in '*Gyricon" as display 
elements with respect to response time. Tliis is because 
the. total drixnng moment of a microsticjc is found to be 
larger than that of a microsphere. A model experiment 
supponcd the theoretical study above, and the response 
time of the microstick is indeed quicker' than that of the 
microspbere. 
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Fig. i A schematic diagram showing rPeas in a Pod"\ 



Introduction 

The advantages of paper arc that it is easy to read, thin, 
lightweight, stable, flexible, handy ax^d low cost The only 
problem with paper is thai the informfttion primed on it is 
unchangeable* in Other words, it can't be updated. One 
answer to this problem is a hybrid which combines the 
advantages of paper with the chameleon nature of a 
conventional liquid crystal display. Suppose you could 
instantly erase the contents printed on paper at anytime, 
then input something new. This is what wc .will <:all 
electronic paper in this work. 

Over the years, several groups have looked at various 
candidates for electronic paper including reflective liquid 
crystal systems. ^'Gyrioon"" and "E-ink'^'. The latter two 
candidates, which are particle types, seem to be preferable 
because they have properties which at-e close to those of 
conventional paper, siich as their readability, bistability 
and low cost Therefore, in otir research program, we have 
focused on these panicle t)^es. 

The mechanism of "Gyricon-, which we believe to be 
one of the most promising candidates for electronic paper. 
is as fellows: Thousands of tiny microspheres arc 
suspended in J liquid which is encased within a thin sheet. 
Each microsphere has two colors! one hemisphere is black, 
the other white. The hemispheres have different electric 
charges. Two electrodes are applied to the front and back 
of the sheet. The electric -charge on the ckctrod^ 
determines which side of each microsphere rotates upward. 
For example, a positive charge will cause the white side to 
ix>taic upward. Then the patterns of black and white 
create letters and words. 

Wc have pushed the idea of ^'Gyricon^' m "^^^^ 
directions. In our research, microsticks in a ^^^^^^ 
nibe are used as display elements instead . 
microspheres in ^Ovricon", We call *c microsnc^ 
"Peas" and the transparent tube the "Pod". "P^as t" » 
uses the same principle as "Gyricon \ ^^Peas" react la^^^ 
electric charge and then make recognizable P^^'**^'^^^ 
believe "Peas in a pod" has potential ^'^^'^^^^^^ jp 



"Gvricon" with respect to response time. 



Therefore. 



this present work, wc describe Teas in a 
panicular emphasis on response lime. 



Pod* 
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Theory 

over the Usi 20 years, microspheres have been 
in^^csligated as display elements in "Gyricon", so H might 
Teem as if the shape of the display elements must be 
spherical. Our question here is: Why must they always be 
^ beres? Por example, why not siicks? Therefore, in our 
Research program* we have started to investigate the 
^jiffercnce in the dynamics bctwee« spheres and slicks. 

The rotaiion of both spheres and sticks can be 
observed in the same way from their cross-sections aS 
shown in Figun: 2. A coulomb force Is created when 
electric field, E, is applied, because the sphere or stick has 
an electric charge, <T- When the boundary between the 
black and whiie regions Is 6 degrees off the perpendiculsr 
to the electric field, a driving moment, Jarge is created 
and the sphere or stick starts to rotate. The rotation creates 
a dragging moment, small m, because the liquid .around 
the element has viscosity, j*. 



^^^^^^ 
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Fig. 2 Cross-sec tionfli vioY of a spherc/sticlc. 
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The equations comparing the moments 
su7t>mari2ed in Table I. The difference, in moments 
between spheres and sticks results from their volumes and 
surface areas, although we will uot deal with the 
derivation of these equations here. In order to compare the 
total moment of sphere and stick, we used M/m instead of 
M-m. This is because the length of the stick, 1, disappears 
during the calcuJation process. The result suggests that 
M/m of a stick is 1.5 times laxger than that of a sphere, 
independent of the length I Therefore, we conclude that a 
Slick has a potential advantage over a ^here as a display 
element from a dynamic point of view. 

Table 1 Composition of moment 
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Experiment 

A model experiment was carried, out in order to 
demonstrate the hypothesis based on the theoretical study 
above. In Figure 3, a sphere or stick made of nylon whose 
surface is divided into two areas with different colors, is 
placed between two electrodes and floated at the boundary 
between two dielectric liquids with different specific 
graviries (Isopcr-G:0.75 and PF^5052:K70). D-C. voltage 
is set between the pair of electrodes aod the rotation of the 
sphere or stick is recorded using a video camera (SONY 
DCR-TRVIO). ^ 




. Video camera 




D.C. 



A SPherc/stick 



• IsooerG 
PF5052 



Fig- 3 Experimental apparatus (Side view). 



Results and discussion 

We observed the iriOtions of the sphere and the Stick in 
ultra slow mode because they were too quick to catch 
them in natural mode. In die case of the stick, only 1 
ftams is .used to record its half -rotation; while with the 
sphere. 2 frames aie required- Considcripg. that the video 
..tape records' 30-,fraines:per.-^e.cpji.d;^^^^^ 
J'.thc Tialf ro'tajipn d.f'ihc stidc:is.caifit^t^ 
ihs, while that Of the^here is in &e lan^ 33.-^^ 

•j-h^^fore, "diore" is.", no ;doubt:::that the s^£k'> bas an 
advantage over the sphere as the display element in terms 
of the response time. We believe that the quicker response 
time of the stick results from its larger driving moment. 



Conclusion 

We have introduced 'Teas in a pod^t which is a potential 
improvement on "Gyricon". 'l>eas. in a pod" uses 
microsticks as display elements instead of the 
microspheres in "Gyricon". 

A theoretical study suggests that sticks have a 
potential advantage over spheres as di^lay elements. This 
is because the total driving moment of a stick is found to 
be larger than that of a sphere. A model experiment 
supported the hypothesis, and the response time of the 
stick is indeed quicker than that of the sphere. 
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